A Minimal Type II Seesaw Model 
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We propose a minimal type II seesaw model by introducing only one right-handed neutrino besides 
the SU{2)l triplet Higgs to the standard model. In the usual type II seesaw models with several 
right-handed neutrinos, the contributions of the right-handed neutrinos and the triplet Higgs to the 
CP asymmetry, which stems from the decay of the lightest right-handed neutrino, are proportional 
to their respective contributions to the light neutrino mass matrix. However, in our minimal type 
II seesaw model, this CP asymmetry is just given by the one-loop vertex correction involving the 
triplet Higgs, even though the contribution of the triplet Higgs does not dominate the light neutrino 
masses. For illustration, the Fritzsch-type lepton mass matrices are considered. 
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PACS numbers: 11.30.Fs, 14.60.Pq, 14.60.St, 14.80.Cp 



Recent neutrino oscillation experiments have provided 
us with very convincing evidence that neutrinos are mas- 
sive and lepton flavors are mixed 1]. In the three- 
neutrino mixing scheme, a global analysis of experi- 
mental data yields: two independent neutrino mass- 
squared differences Am^i = (7.2 ~ 8.9) x 10~^ eV^, 
IATO32I — (1.7 3.3) X 10~'^ eV and three mixing angles 
30° < 6*1, < 38°, 36° < 6i„ < 54°, 6*10 < 10° at the 99% 



confidence level 

On the other hand, the cosmological baryon asym- 
metry, which is characterized by the ratio of baryon to 
photon number densities, has also been measured by the 
WMAP experiment to a very good precision Q 



?7r = = (6.1 ±0.2) X 10" 



(1) 



Sometimes the baryon asymmetry is also represented by 
= n^/s = 77b/7.04 ~ (8.4 ~ 8.9) x 10"" with s being 
the entropy density. 

Leptogenesis 0| is now an attractive scenario to si- 
multaneously explain the neutrino oscillation phenomena 
and the baryon asymmetry through the famous seesaw 
mechanism In the ordinary type I seesaw models, 
the leptogenesis scenario can be realized by introducing 
two or more right-handed neutrinos with heavy Majorana 
masses to the SU{2)l x U{1)y standard model. Another 
interesting alternative is to consider the so-called type 
II seesaw models in which the SU{2)l triplet Higgs, 
besides the right-handed neutrinos, can also contribute 
to the light neutrino masses as well as the baryon asym- 
metry generation. 

In this paper, we propose a minimal type II seesaw 
model by extending the standard model with only one 
right-handed neutrino in addition to the SU(2)l triplet 
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Higgs. ^ The CP asymmetry in the decay of the right- 
handed neutrino just arises from the interference between 
the tree level diagram and the one-loop vertex correc- 
tion involving the triplet Higgs. At the same time, the 
light neutrino mass matrix can receive comparable con- 
tributions from the triplet Higgs and the right-handed 
neutrino. For illustration, we will consider Fritzsch-type 
lepton mass matrices with five texture zeroes in the spe- 
cific discussions and calculations. It will be shown that 
our model can simultaneously explain the neutrino prop- 
erties and the baryon asymmetry. 

It is convenient to start with our discussions from the 
general type II seesaw models 0, ll| : 

-£ = MiTrA[Ai+5„/3i/i£a«r2Aii/'i^-/i0^ir2AL0 



-fi(j)^iT2Aj;^(j) + yaiipLaNicf) + h.c. 



(2) 



Here i/iq = [va, la)'^ (a = e, ^, t), = {(ffi, (j> are the 
lepton and the Higgs doublets, while 



V2'' 



is the triplet Higgs. j/^j (i — 1, c?) are the right-handed 




neutrinos, and — Vj^^ + v)^^ is defined as the heavy Ma- 
jorana neutrinos. We have conveniently chosen the ba- 
sis, in which the Majorana mass matrix of right-handed 
neutrinos is diagonal, i.e. M — Diag{Mi, M^}. Ob- 
viously, g is generally a complex 3x3 matrix. In the 
usual type II seesaw models, there are several right- 
handed neutrinos, i.e. d > 2. However, only one 
right-handed neutrino and hence three Yukawa couplings 
Uaii'^ — c,/i,T) occur in our minimal type II seesaw 
model with d ~ 1. 



^ Here the minimal is in the sense of the number of new particles 
compared with the conventional type II seesaw model. 
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the third is due to the contribution from the triplet Higgs. 
Under the assumption that Mi <C M2, Md, Ma, the 
CP asymmetry eni can be simphfied as [l,!^: 



£n, — £ 



£n. 



£n. 



£ni 






3 






167r 






3 






167r 


y2 


(r^r)ii 



(4) 
(5) 

(6) 



It is shown that the contributions of Nt (diagrams (a) and 
(b) in Fig. 0) and (diagram (c) in Fig. ^ to eat^ are 
proportional to their respective contributions to the light 
neutrino mass matrix Q. Therefore, the contribution 
from the triplet Higgs to the above CP asymmetry can be 
neglected in the limit M^^ ^ M^. However, this analysis 
is invalid in our minimal type II seesaw model, since there 
is just one heavy Majorana neutrino, the one-loop vertex 
correction involving the triplet Higgs is the sole source of 
this CP asymmetry and we always obtain 



(7) 



even though the contribution of does not dominate 
the light neutrino mass. 

For illustration, we simply assume the Fritzsch-type 
textures jlflj of Ml^ and the charged lepton mass matrix 



M,: 



Ml 



Cy"'- 
Byl^- 



(8) 



FIG. 1: The one-loop diagrams of Ni decay. 



After the electroweak phase transition, the mass ma- 



and 



trix of the light neutrinos Va — ^lo 

as 



can be written 



2gvL = Ml 



M. 



(3) 



where Ml is the ordinary type I seesaw mass term, Ml} 
is the type II seesaw mass term, v = 174 GeV, vl — 
/i*i;^/M£ are the vacuum expectation values of 4> and 
A^, respectively. It is easy to see that is naturally 
seesaw suppressed if A/, is very heavy. 

The CP asymmetry e^. from the decay of the heavy 
Majorana neutrinos Ni is given by the interference of the 
ordinary tree level decay with the three diagrams of Fig. 
^ The first two diagrams are the self-energy and vertex 
correction involving the heavy Majorana neutrinos, while 



C;e'"' 
Mi=v\ C'lC'"'^ Bic'l^' 
Bie"^^ A^e'^i 



(9) 



where ^^j, B^^ and C^i are real and positive. In addi- 
tion, we set 



y = T-Vo (0,7-, 1) 



(10) 



where the imaginary unit i has been inserted to cancel 
the minus sign in front of the type I term for convenience. 
Substituting Eqs. © and ifTUIl into Eq. (jSJ, we can 
obtain the effective neutrino mass matrix 









(11) 



Be^i^" 1-1- ^e*T' 



where TOq = v^y^jM^ and A = Vj^Aj^/uiq, likewise for B 
and C. The strategies to diagonalize lepton mass matri- 
ces of the form in Eqs. © and Ullfl can be found in Refs. 
[loj l and For simplicity, we adopt two assumptions: 
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y/m^Jm^ and arg ^1 + Ae^'^"^ = 2 arg {r + Bt 



.If}. 



and then obtain 



A 



B 



C = 



and 



(to3 - TOl)2 . 

2 Sin 7;^ 



1/2 



COS 7,y . 



niimsims - nil - m2) 2 ■ 2a 

5- r sm /^i. 

mQ(m3-mi) 

-r cos , 

1 1/2 

771177127713 



1/2 



7770(7773 ~ 'TT'l) 



(12) 




= 

Bi = 

G = 



(777^ - 777^ + 777e) , 

(777^ - me){mr - m^)(me + 777^)] ^^"^ 



{rrir ~m^ + m^) 



(rriT -m^ + me) 



1/2 



(13) 



FIG. 2: Allowed region of solar and atmospheric mixing an- 
gles, namely 6^2 and 623 in the standard parametrization IT^ . 



The Maki-Nakagawa-Sakata (MNS) mixing matrix is 
V — UjU^, where [// and are the unitary matrices 
used to diagonahze the lepton mass matrices: Uj MiUi = 
Diag {777^,777^,777^} and U^M^U* = Diag {777^, 7773, 7773}. 
Taking the neutrino oscillation experimental data at 
the 99% confidence level as input^, the allowed regions 
of three mixing angles and Jarlskog invariant J' = 
Im (y^;^V^2^i*2^2*i) ill 01^1' model are shown in Figs. |21 
and |3| The phase parameters, exactly combinations of 
q;;^,/3;^ and j^^, are all varying in the range [0, 27r). 
From Fig. 3, we can see that the smallest mixing an- 
gle ^13 is larger than 1° and the maximal value of CP- 
violation parameter J7 can reach 2.5%, which are to be 
strictly tested in the future neutrino oscillation exper- 
iments. Here we remark that the Fritzsch-type lepton 
mass matrices can serve as a good example to illustrate 
the features of the minimal type II seesaw model. For 
more phenomenological discussions about lep ton mass 
matrices in the type-II seesaw models, see 



iep t 



We now calculate the produced baryon asymmetry in 
the minimal type II seesaw model. Assuming the heavy 
Majorana neutrino A'^i is much lighter than the triplet 
Higgs Ai, the final lepton asymmetry, which is partially 
converted to the baryon asymmetry via the sphaleron 
process j "^iH mainly come from the decay of A'^i . We 
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FIG. 3: Allowed region of the mixing angle S13 and Jarlskog 
invariant J. 



^ For simplicity, we assume the normal mass hierarchy of light 
neutrinos in our numerical analysis. 
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e^r, = -4.1 X 10-« 



Ml = 4 X 10" GeV 
nil = 8.6 X 10"^ eV 
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FIG. 4: The solutions of the Boltzmann equations. Y^^^ is 
the (equilibrium) number of heavy Majorana neutrino, while 
Yg = 28/79 "Kg denotes the baryon. In the numerical cal- 
culations, we have taken Mi = 4 x lO" GeV, mi = 8.6 x 
10"^ eV, Amii = 8.3 x 10"^ eV^ Amia = 2.3 x 10"^ eV^ 
yo = 0.02, r = 0.64 and [P^,-)^) = (-100° , -36°). The 
predicted value for the final baryon asymmetry is Yb — 
8.5 X 10"". 



can write down the relevant Boltzmann equations: 



dY, 



dz 



sH{Mi) 

\ ^ Ni 



[iD + 270,s + 470,t] 



(14) 



dY, 



B-L 



z 



dz 



sH{Mi) 



SN^lD 



Y„ 



'B-L /I 



270, t + T7c^70,; 



(15) 



where z = AIi/T, H{Mi) is the Hubble parameter at 
T = Ml, is defined as Y- 



(oq) 

X 



^x'^V^ with n-^ 



(oq) 



being the (equilibrium) number density and the entropy 
density, respectively, jx, which has been calculated by 
many authors , is the reaction density of the relevant 
process. 

As pointed out in the foregoing discussions, because 
there are no other heavy Majorana neutrinos Ni {i ^ 1), 
the CP asymmetry just comes from the interference 



between the tree level diagram and the vertex correction 
induced by the triplet Higgs A^. For ^ M^, we 
obtain: 



3 Ml Ea/jlm yilyiliAC*)^ 



-JVi 



3 



167r 1 



As 



sm7^ 



2Br'^ sin /J^, 



(16) 



In the last step, Eqs. (|HJ) and p(J|) have been used. 

Given appropriate parameters consistent with the neu- 
trino oscillations, both the CP asymmetry ejvi and the re- 
action density 7x can be computed, and then the Boltz- 
mann equations can also be solved. For example, we 
take Ml = 4 X lO^i GeV, Am^i = 8.3 x 10"^ eV^ 
Am§2 = 2.3 X 10-3 eV^ mi = 8.6 x lO^^ eV, yo = 0.02, 
r = 0.64, (/3^,7^) = (-100°, -36°) and find the current 
baryon asymmetry in the universe can be successfully ex- 
plained. The numerical results are shown in Fig. ^ Here 
the relation Yg = 28/79 Yg.^ 0] has been adopted. 

During the calculations, the parameters A, B and C, 
which characterize the contribution of the triplet Higgs 
to the effective neutrino mass matrix (|ll|l . can also be 
determined by using Eq. (O: A ~ 0.41, B ~ -0.093 
and C ~ 0.38. In this case, it is easy to see that the 
right-handed neutrino provides a sizable contribution to 
the light neutrino masses. 

In summary, we have proposed a minimal type-II see- 
saw model, which contains only one right-handed neu- 
trino in addition to the triplet Higgs. Different from the 
usual type II seesaw models with several right-handed 
neutrinos, our model gives the CP asymmetry in the 
decay of the lightest right-handed neutrino just by the 
vertex correction involving the triplet Higgs, no matter 
whether the contribution of the triplet Higgs dominates 
the light neutrino masses. For illustration, the Fritzsch- 
type lepton mass matrices are considered. The neutrino 
oscillations and the baryon asymmetry can simultane- 
ously be well explained. More phenomenological studies 
in this scenario are apparently interesting and desirable. 
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